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THE EFFECT OF LIQUID AND ICE PARTICLES ON THE
EROSION OF A SUPERCHARGER~INLET COVER
AND DIFFUSER VANES

By Vern G. Rollin

INTRODUCT ION

During the oourse of a laboratory investigatlion requested
by the Air Materiel Command, Army Air Forces, of ice formation
and elimination in a carburetor and supercherger assembly, it
was found by inspection that serlous eroslon of the surface of
the cast magnesium-alloy supercharger cover plate and diffuser
vones had apparently been caused by the constant injection of
fuel, the introduction of water to simulate operation in rain,
and the pesd ng of ice particles . hrough the supercharger dur-
ing induction system de-icing,

The inoreasing use of water injeotlon to boo~+ the power
output of airiraft engires mnde it advisable to conuuot addi-
tlonal aocelerated ercsic:: tests to determine the separate
effects of the passage of fuel, water, and ice particles through
the supercharger. The erosion of the superoharger-inlet cover
and diffuser vanes, which was observed in the lcing tests of
reference 1, and the results of the tests reported herein to
determine the effect of ligqulds and lce particles on super-
charger erosion are disoussed and several suggestions for
minimizing eroslion are presented.

APPARATUS AND TESTS

All tests were conduocted on the laboratory setup fully des-
oribed in reference 2, The ioing tests that ocaused the initial
erosion were conducted at the following conditions: alr-flow rates
simulating normal rated power, maxlmum oruise power, and 60-percent

3 1176 01363 8369 .



NACA MR No. E6E3l 2

normal rated power; charge-air temperatures ranging from 35° to 100° F
moisture content of the alr ranging from 10 percent relative humidity
-without water to 100 percent relative himidlty with simulated-rain
injection at rates up to 1000 grams per minute. During these tests
ice formations in the carburetor or supercharger-inlet elbow had gen-
erally been cleared by relsing the carburetor-alr temperature and
ellowlng the ice to pass through the supercharger.

Two accelerated eroslon tests, each of 8%-hour duretion, were
nmade at conditions simmnlating taie-off power.™ In the flrst test, the
injected water-fuel ratio was 0.6 at a fuel-air ratlo of 0.08 and, in
the second test, the samo emount of water was injJected without fuol.
Liquid and carburetor-air tamperaturcs for these tests were maintalned
at apnroximately 75° ¥, which is aebove the limit of induction-system
icing; erosion therefore can be attributed solely to the action of
the ligquids.

A third %—hour test to determine the effect of lce particles

on erosion of the supercharger-inlct cover was made at the same rates
of water and fuel InJection as the two previous tests with a
carbuaretor-alr temperature of 0° F and & liquld temperature of 75° F.
The saturated carburetor air at 0° F fell within the icing region for
this Induction system anc. the tests conslated of altermately icing
and de-lcing the system.

Replecement supercharger-inlet-cover assemblies were used in
the first two accelerated erosion tests and a reconditioned assembly
was used for the third test. The supercharger-inlet cover and
diffuser vanes are cast in one plece of magnesium alloy and appoar
to be protected fram corrosion by the conventlonal potasslium-
dichromate dip treatment. This type of surface rrotection ia not
abrasion nor eroslon resistant and, when worn ofy, exposes the motal
to corrosion. The lnner surfaces of the supercharger are normally
coated with en olly residue which provides insufficlent erosion
reslstance,

RESULTS AMD DISCUSSION

During en overhaul of the setup used for the lolng investiga-
tions described in references 1 and 3, the inner surface of the
supercharger-inlet cover in close precximity to the Iimpeller was
cbserved to be badly erodied. ZIrosion reached a depth of approxl-
mately 0.030 inch and was much worse on the left side than on the
right side of the inlet cover, as seen in figure 1(a). The deeper
amular depression noted by the arrow was located Just opposite the
point where the steel inducer Joins the aluminum lmpeller. The
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erosion was more uniform on the portion of the oover shown at the
left of the photogreph; ilce that formed in the bottam of the elbow
would first strike this area when loosened during the de-icing
procesa because the supercharger impeller rotated -in a clookwlse
direction as viewed from the front of the engine. The leading edges
of two of the six diffuser vanes are snown in figure 1(b). Frosion
romoved about three-eilghths inch of metel from the leading-edge
portion of the diffuser vane near the curved surface of the cover.

o /
Conslderation of the seriousness of thls problem prampted e
survey of the rumning time ani test conditioms for the setup. It
was found that the total rumning time for this setup prlor to inspec-
tion had been 861 hours, whlch included 110 hours operation with rain
ingestion simulated by spraying water into the elr stream about

6%'- feet above the carburetor top deck at an aveiage rate of
45.3 pounds per hour. During the determination of lclng character-
istiocs, 84% hours of the rumning time had been at simulated operation

wlth water injection in the inlet elbow by means of a special nozzle
large enough to accommodate the cowbined volume of fuel and water.
These rnns were mede at alr flows simulating take-off power with an
average rate of water injection corresponding to a water-fuel ratio
of 0.4, The amount of the observed eroslon caused by passage of lice
through the supercharger cotild not be determined.

In the attempt to 1solate the caunses of eroslon, the next two
tests were made at take-off power conditions for 8% hours during

which the liquid and alr temperatures were malntalned et about 750 T
to prevent ice formation in the system. The erosion effect of liguld
injected at a rate corresponding to a fuel-alr ratic of 0.08 and a
water-fuel ratio of 0.6 1s shown 1n figure 2. T e eroslon effect of
water alone on another inlet cover inJjected at a rate of approxi-

mately 485 pounds per hour for 8% hours 1s shown in figure 3.

The results of the third accelerated erosion test of 8-:—:-hour
duration (fig. 4) indicate that the passage of ice thiough the
supercharger caused most of the damage. In thias case the 1nlet cover
had been reconditioned after the milé erosion shown in figure 3.

Ice, alternately formed and shed upstream of the supercharger at low
carburetor-air temperatures, 1is apparently responslible for most of
the erosion shown In figure 1.

The results of these investigatlions indicate that a large part
of the liquid enterlng the face of the ilmpeller leaves the tip of
the inducer at the Junction with the impseller proper and flows along
the surface of the inlet elbow, as ovidenced by the fact that the
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erosion of the diffuser vanes by liguid 1s greater near this
surface. (See figs. 1(b), 2(b), 3(b), and 4(b).) Another
factor contributing to the erosion of the-diffuser wvanes -is

the effect of the water drops thrown off the tips of the
Impeller, It was also observed that, of the six diffuser vanes,
erosion was greater on vanes 2 and 3, ocounting clockwlse from
the top looking from the front of the engine.

Erosion of the diffuser-vane leading edges may be prevented
by use of en erosion-resistant mstal, Elimination of the dis-
continuity where the steel inducer jolns the rest of the super-
charger would prevent grooving the cover at that point. A more
durable corrosion-resistant surface would reduce inlet-cover
erosion, Erosion caused by loe could be materially reduced by
exoluding water drops fram the system before they reach the car-
buretor and by changing the method of fuel injection to prevent
fuel-evaporation icing (reference 4)., Erosion caused by water
or water-alcohol injected with the fuel could be eliminated by
injecting the water downstream of the supsrcherger. This factor
may become inoreasingly importent with extended use of water
injeotion for inoreased power ratings of alroraft engines.

Airoraft Engine Research Laboratory,
Nationnl Advisory Comnittee for Aeronautilcs,
Cleveland, Ohio,
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{a) Surface erosion at entrance to

impeller.

Figure 1. ~ Effect of liquid and ice particles on erosion of

supercharger—~inlet cover resulting from
tion under various icing conditions.
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(a)
Erosion of supercharger-inlet cover caused by
injection,

"Rate of liquid

Figure 2.
water and fuel injection.
pounds per hour; duration of test, gl hours.
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{b) grosion of diffuser vanes 5 and 6.

Figure 2. -~ Concluded. Erosion of supercharger-~iniet cover
caused by water and fuel injection. Rate of liquid injec~
tion, 1300 pounds per hour; duration of test, 8% hours.
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(a) Surface erosion at impellier entrance.

Figure 3. - Erosion of supercharéer—inlet cover caused by
water injection. Rate of water injection, 485 pounds per
hour; duration of test, 8l nhours.
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(b) Erosion of diffuser vanes 6 and |.

Figure 3. - Concluded. Erosion of supercharger-inlet cover
caused by water injection. Rate of water injection, 485
pounds per hour; duration of test, 8% hours. :
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to impeller.

(a) Surface erosion at entrance

Figure 4. -~ Erosion of supercharger-infet cover caused by
water and fuel injection and ice particles. Rate of
I'fquid injection, 1300 pounds per hour; duration of test,

"8 hours.
4
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{b) Erosion of diffuser vanes 2 and 3.

Figure 4. - Concluded. Erosion of supercharger-iniet cover
caused by water and fuel injection and ice particles.
Rate of liquid injection, 1300 pounds per hour; duration
of test, 8%.hours.
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